A model potential depending on an effective core radius but otherwise parameter free is used for the comparative study of electrical resistivity of simple and non-simple liquid metals. In the present paper electrical resistivity of simple and non-simple liquid metals have been calculated using Ziman's formula, Ziman's formula modified and used by Khajil and Tomak (Self consistent approximation) and t-matrix formulation given by Evans and Evans et al. Previously no one have reported such comparative study using pseudopotentials. In the electrical resistivity calculations we have used structure factor derived through charge hard sphere approximation. The beauty of this approximation is that it needs pseudopotential form factor for the calculation of structure factor. So this gives the better explanation of structure factor than any other approximations. From present investigations it is found that self consistent formulation results are excellently agrees with the experimental findings. A successful application is an evidence that our potential can predict wide class of physical properties of d and fshell metals as well as simple and non-simple metals.
Introduction
The Ziman's nearly free electron (NFE) theory has been fairly successful in describing the quantitative behavior of the electrical resistivity in simple liquid metals. This is because in these metals the mean free path is about one hundred times the interatomic distance and the weak scattering picture should be valid. Even for the heavy polyvalent metals (e.g. mercury, thallium and lead) where the mean free path is only about two interatomic distances, the NFE model can yield results, which are in reasonable in agreement with experiments. Calculations of electrical Resistivity using structure factor from various experiments or different versions of bare ion potential and dielectric function, gives correct order of magnitude but differ among themselves. In fact sometimes the theory is trusted sufficiently to use measured value of Resistivity to determine the parameter of the potential. The Ziman's formula is not expected to apply to d-state transition metals because the unfilled d-state cause strong resonant scattering which seems inappropriate for description by pseudopotential. Nevertheless, Evans et al [1] put forward a version of equation of Resistivity in which |W (q)| 2 was replaced by exact value of the squared matrix element for the scattering of a plane wave by a transition metal ion. The potential of the latter was taken to be Muffin-Tin potential as derived in solid state physics for band structure calculations and the exact scattering can be calculated by the phase shift method.
Electrical resistivity of liquid metals
For both liquid and amorphous metals the electrical resistivity is given by [1, 2] ρ Ziman = 3 π m 2 4 Z e 2 3 n k 6
Here, S(q) is the structure factor. In the present work we have used the Charged Hard Sphere (CHS) [3] structure factor. The structure factor derived through CHS has an advantage that it involves the pseudopotential form factor. In this sense it differs from the Percus-Yevick (PY) [4] theory.
So the structure factor derived through CHS gives the better explanation than PY theory. Recently Baria and Jani [5, 6] have proposed model potential which is quite successful in describing lattice mechanical properties of d and f -shell metals is used in the present calculation of electrical resis-tivity for simple and non-simple liquid metals. The unit step function Θ which cuts off the integration at 2k F corresponding to a preferably sharp Fermi surface, is defined as,
But the finite mean free path corresponds to a finite uncertainty in the electron position. This corresponds to a finite uncertainty in the electron momentum. Thus the Fermi surface is not perfectly sharp as implied by the equation (1) but it is blurred. The attempts to take this blurring in to account in the formulation of resistivity is reviewed by Mc Caskill and March [7] . Ferraz and March [8] approach yields in place of equation (1)
(3) This equation must self consistently solved. Very few explicit approximations are proposed for the function Γ (q, k F , l) [7] In this work we have used the form for Γ (q, k F , l) as used by Laakkonen and Nieminen [9] and Khajil and Tomak [10] .
The mean free path is determined self consistently as follows. The first step of the self-consistency loop is to calculate resistivity using equation (1) i.e. with mean free path "l" is infinity. A new mean free path "l" is then obtained from the Drude relation as
The iterations are continued till ρ L converges.
Resistivity (t-matrix) approach
We are concerned in this section with the scattering occurring in liquid metals. For example, a flux of electrons is incident on a scattering center and it is important to know the number of electrons that are scattered in a definite direction. This problem is most conveniently discussed using phase analysis. This analysis will throw much additional light on the use of pseudopotential see for more detail [11] [12] . For many purposes a detailed knowledge of how the electronic wave functions behave in the neighborhood of the perturbing potential is not required, it is only their asymptotic form that matters. This, of course, is completely determines by phase shifts. Since, when the potential is due to something as small as metallic ion, the phase shifts are normally insignificant beyond say η 3 therefore η 0 , η 1 and η 2 are to be calculated.
The phase-shift η l of the l th partial wave related to the pseudopotential is given by
where y=q/2kF and P l (cosθ) is a Legendre polynomial and
Using the above equation phase-shift η 0 ,η 1 ,η 2 are calculated for s, p and d components and are shown in the table I. Note that the low-energy phase-shift obeys the rule η 0 >η 1 >η 2 .Thelargerthephase-shift,thestrongerthescattering. Evidently it is liable to be especially strong if the energy of the incident electron happens to coincide with that of a virtual bound state. In the case of noble and transition metals, the NFE approach is not appropriate due to presence the presence of a d band in the conduction band, which complicates the picture. We use the t-matrix of the pseudopotential to calculate the scattering cross section rather than the usual screened ion model potentials. The single scatter t-matrix form factor for energy conserving transition is given by Evans [13] and Evans et al [14] t ( k, k ) = − 2 π 3 m(2mE)
The t-matrix has the dimensions of energy and is normalized to the atomic volume. The resistivity takes the form with y=q/2k F
Results and discussion
The resistivity calculated using Ziman's formula, selfconsistent approach and t-matrix formulations are tabulated in table II with the experimental and other such theoretical findings. Daver et al [15] have calculated resistivity and the mean free path using self-consistent method of about twenty liquid metals inclusive noble metals. They have used the Ashcroft's empty-core pseudopotential, the parameter of the potential were chosen to yield the best agreement with the experimental structure factor. As they have fitted the potential parameter their results are very close to the experi-mental findings for simple metals while for Cu and Ag it deviates little. Very recently Geertsma et al [16] have calculated density of states, resistivity and thermopower of liquid alkali metals and two liquid alloys Li-Na and Na-K. they have used Linear Response Theory (LRT) to calculate the screened pseudopotential and the structure factor was obtained from the pair-potential using Modified Hyper Neted Chain (MHNC) theory of liquid. Their results of electrical resistivity for liquid alkali metals are very poor particularly for Li and Cs. Leavens et al [17] have also calculated electrical resistivity using Ziman's formula and self consistent approximation for liquid alkali metals Mg and Al. their results of electrical resistivity using self consistent approximation are better than Ziman's formula but could not avoid the reasonable deviation from the experimental findings. It is evident from table 2 that the electrical resistivity using self consistent approach is much better than the Zimzn's formula except Al, Ga and In, while t-matrix results are deviating much from the experimental findings. Moreover the mean free path of the present investigations is also comparable to the previously reported theoretical findings [15, 17] . It is strongly emphasis previously by Esposito et al [19] that the Ziman's formula describes electrical transport correctly for simple liquid metals while self-consistent results of resistivity are over estimates if mean free paths are comparable or smaller than an interatomic distances, which happens in the d and f-shell metals. In the present investigations we have calculated the electrical resistivity of simple and non-simple liquid metals using Ziman's formula, self-consistent approach and t-matrix formula have been reported. The present investigations confirm that the self consistent approach are the better choice for the resistivity calculations of simple and non-simple liquid metals.
